intravenous LD 50 of 0.07 mg/kg in mice and showed a high phospholipase A 2 activity, 49 but no proteinase activity in vitro. Preclinical assessment of neutralization and ELISA 50 immunoprofiling showed that BioCSL Sea Snake Antivenom was effective in cross-51 neutralizing A. laevis venom with an ED 50 of 821 μg venom per mL antivenom, with a 52 binding preference towards short neurotoxins, due to the high degree of conservation 53 between short neurotoxins from A. laevis and Enhydrina schistosa venom. Our results 54 point towards the possibility of developing recombinant antibodies or synthetic 55 inhibitors against A. laevis venom due to its simplicity. 56 (176 words) 57 58 1. Introduction 59 The viviparous sea snakes are a diverse clade of more than 60 species that are 60 phylogenetically nested within the front-fanged Australo-Melanesian terrestrial elapids 61 (Hydrophiinae) (Rasmussen et al., 2011) . They are highly aquatic and occupy most 62 shallow-marine habitats throughout the tropical and subtropical Indo-West Pacific, yet 63 are estimated to share a common ancestor dated at only 6-8 million years ago (Sanders 64 et al., 2008; Lukoschek et al., 2012) . The amphibious sea kraits (Hydrophiinae: 65 Laticauda) represent an independently aquatic and earlier diverging lineage that is the 66 sister to terrestrial and viviparous marine hydrophiines (Keogh, 1998; Scanlon and Lee, 67 2004; Sanders et al., 2008) . Two major clades are recognised within the viviparous 68 marine group: An 'Aipysurus' lineage comprising ten species found primarily in the 69 Australo-Papuan region, and a 'Hydrophis' lineage containing at least 50 species 70 distributed throughout the Indo-West Pacific (Rasmussen et al., 2011) . 71 In the Aipysurus group, the olive sea snake, Aipysurus laevis, has a large 72 muscular head and is the most robustly built and longest species recorded, reaching 73 more than 170 cm in total length (Smith, 1926; Cogger, 1975) . A. laevis has been 74 recorded from Aru Archipelago and Kai Islands (Indonesia) in the west and from the 75 northern coast of Australia and southern coast of New Guinea (Timor Sea and Arafura 76 Sea) to New Caledonia in the east (Coral Sea) (Cogger, 1975; Ineich and Rasmussen, 77 1997; Sanders et al., 2014) . A. laevis is found in shallow marine habitats -coral reefs as 78 well as sandy, rocky, and mud-bottom habitats, and is often one of the most abundant 79 species throughout its range (Cogger, 1975; Lukoschek et al., 2007; Sanders et al., 80 2014). It hunts primarily in crevices on the sea floor, and the following fish families 81 have been found as prey items in A. laevis: Acanthuridae, Apogonidae, Carangidae, 82 Clupeidae, Engraulidae, Labridae, Lutjanidae, Pempheridae, Pomacentridae, Scaridae, 83 5 Scorpaenidae and Serranidae (McCosker, 1975; Voris and Voris, 1983) . Fish eggs, 84 crabs, shrimp and pelecypod (Limidae) have also been found in stomach content 85 (McCosker, 1975; Voris and Voris, 1983) . 86 During mating season A. laevis is more prone to defensive attacks than at other 87 times of the year (Heatwole, 1975) . However, normally A. laevis will ignore a diver 88 even if the diver approaches quite close (Heatwole, 1975) . A. laevis has up to at least 5 89 mm long fangs and the venom is known for being extremely toxic (Limpus, 1978; 90 Minton, 1983; Mackessy and Tu, 1993; Greer, 1997) . A. laevis is commonly caught as 91 by-catch, and commercial trawler fishers and recreational fishers handling nets are 92 therefore the typical bite victims of A. laevis. 93 The venoms of sea snakes, typically containing -neurotoxins and 94 phospholipases A 2 (PLA 2 s), are known to be generally more potent than the venoms 95 from terrestrial snakes in terms of lethality (Minton, 1983; Takasaki, 1998 and lymphadenopathy (Zimmerman et al., 1992a (Zimmerman et al., , 1992c Ryan and Yong, 1997, 2002) . 102 Regarding the venom components of A. laevis, a total of four short-chain neurotoxin 103 isoforms with minor amino acid sequence variations (P19958, P19959, P19960, and 104 P32879) and one PLA 2 (P08872) have been fully sequenced (Maeda and Nobuo, 1976; 105 Ducancel et al., 1988 105 Ducancel et al., , 1990 . The short -neurotoxins display a high affinity towards 106 the acetylcholine receptor (Ishikawa et al., 1977) , which is in agreement with the very 107 low LD 50 observed for the whole venom (Tamiya, 1973; Maeda and Nobuo, 1976) . (Berman, 1983; Zimmerman et al., 1990 Zimmerman et al., , 1992a Zimmerman et al., , 1992c (Chippaux et al., 1991) . To investigate the possible individual variability in A. laevis, 296 samples from three specimens ("Mifisto", "Medusa", and "Nessi") were compared by 297 RP-HPLC (Fig.3) . This analysis revealed that some qualitative variation in toxin 298 expression was indeed present, although most fractions did not show significant 299 deviation in abundance between specimens or pooled venom. that myotoxicity is unlikely to be a significant effect in envenomings by A. laevis.
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In agreement with its proteomic composition showing an abundance of PLA 2 s, 324 high PLA 2 activity of the venom was confirmed in vitro (Fig.5A ), whereas no 325 proteinase activity was detected ( Fig.5B ), in line with the absence of these enzymes in 326 the venom proteome. Three-finger toxins were shown to represent the second major 327 group of venom proteins in terms of abundance (25.3%), and all of them were identified 328 as short neurotoxin isoforms ( All venom fractions were examined for acute toxicity in CD1 mice, and LD 50 334 values were determined for most of those having a Toxicity Score below 1 (Table 2) . 335 All fractions containing short neurotoxins (fractions 1-4) and some fractions containing Snake Antivenom and ICP Anti-Coral Antivenom, respectively (Fig.7A ). It must be 382 noted, however, that it is not unlikely that horses hyper-immunized with several 383 different snake venoms were used for production of BioCSL Sea Snake Antivenom, and 384 that the "monovalence" of this antivenom is primarily due to the horses being boosted 385 with E. schistosa venom immediately before bleeding (Chetty et al., 2004; O'Leary and 386 Isbister, 2009; Herrera et al., 2014) . Therefore, unexpected cross-reactivity is not an 387 unlikely event. E. schistosa venom has a high abundance of 3FTxs with a high degree of 388 conservation relative to the short neurotoxins found in A. laevis (Fig.7B) Costa Rica), where the anti-coral snake antivenom used in this study is produced. 446 Sources that provided financial support were not involved in the collection, analysis, or 447 interpretation of data, nor in writing the report and submitting it for publication. *http://snakedatabase.org/pages/LD50.php#legendAndDefinitions 1 Toxicity Score was defined as the ratio of protein fraction abundance (%) in the venom divided by its estimated median lethal dose (LD 50 ) for CD-1 mice by i.v. injection. 2 Mix indicates that the fraction did not contain a pure, isolated toxin, but instead a mixture of 2-4 different toxins in variable ratios indicted in the table. N.t. : not tested
